Comparison of Foraging Performance of Diploid and Triploid Saugeyes (Sauger x Walleye) by Czesny, Sergiusz et al.
Transactions of the American Fisheries Society,  Vol.131, No. 5, 2002: pp. 980-985. 
http://afs.allenpress.com/perlserv/?request=get-archive 
DOI: 10.1577/1548-8659(2002)131<0980:COFPOD>2.0.CO;2 
©  Copyright by the American Fisheries Society  
 
980
Transactions of the American Fisheries Society 131:980–985, 2002
q Copyright by the American Fisheries Society 2002
Comparison of Foraging Performance of
Diploid and Triploid Saugeyes
(Sauger 3 Walleye)
SERGIUSZ CZESNY,1 MARY ANN GARCIA-ABIADO, AND
KONRAD DABROWSKI*
School of Natural Resources,
The Ohio State University,
Columbus, Ohio 43210, USA
PRZEMYSLAW BAJER2 AND MACIEJ ZALEWSKI
Department of Applied Ecology,
University of Lodz,
Lodz, Poland
Abstract.—To evaluate the performance and quality of
triploid saugeyes (female walleye Stizostedion vitreum 3
male sauger S. canadense), we compared their foraging
behavior with that of diploid conspecifics. Triploidy was
induced by heat-shocking fertilized eggs for 15 min at
318C 5 min after fertilization, and ploidy was evaluated
by flow cytometry. In three experiments using both ploidy
groups we evaluated (1) prey selection with respect to
fathead minnow Pimephales promelas and the daphnia
Daphnia pulex; (2) aggression and food consumption by
individual saugeye predators during a single feeding ses-
sion; and (3) handling time of a single large (50–60% of
predator body length) minnow. Juvenile diploid saugeyes
foraged more successfully than triploid conspecifics. Dip-
loids caught fathead minnow significantly more frequent-
ly than did triploid fish (59% and 39% of available min-
now, respectively) while consuming significantly fewer
daphnids. Triploids fed on zooplankton to a larger extent.
Experiment 2 revealed that diploid and triploid fish did
not differ in the number of prey captured up to the sati-
ation level. However, the number of attempted attacks
(20.2 6 5.8 [mean 6 SD] versus 29.3 6 7.3 per predator
per feeding session) and the percentage of unsuccessful
ones (48 6 13.5% versus 62.3 6 9.4%) were always
higher in triploids. As a consequence, the time needed to
reach satiation was also longer for triploids. Diploid sau-
geyes had to make significantly fewer attacks for a suc-
cessful catch and needed less time to handle the prey once
it was captured. Thus, triploid juvenile saugeyes exhibited
less efficient foraging than did diploids, which could re-
duce the former’s growth, increase their risk of predation,
and decrease their survival after stocking.
Manipulation of ploidy in fish has become a
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viable tool in aquaculture and fisheries manage-
ment (Gervai et al. 1980; Thorgaard et al. 1992).
Inland reservoirs in Ohio are stocked with juve-
nile, pond-raised saugeyes (hybrids of female
walleyes Stizostedion vitreum and male saugers S.
canadense). Recent concerns regarding the routine
release of fertile hybrid fish (Rahel 2000) and a
realistic threat to the genetic integrity of parental
species in the wild (Templeton 1987; Philipp et al.
1993; Corley-Smith and Brandhorst 1999) dictated
a need for alternative stocking strategies. The pro-
duction of triploid saugeyes would provide two
advantages to fish management over the traditional
diploid fish: (1) because triploids are sterile, the
genetic integrity of parental species would be pre-
served (Billington et al. 1997) and (2) triploids
have the potential for faster growth (Habicht et al.
1994; Bonnet et al. 1999; Felip et al. 1999). Thus,
stocking triploids could provide viable sport fish-
eries while protecting wild populations from in-
troduced fertile hybrids.
The extra set of chromosomes in triploid fish,
however, can alter an organism’s behavior and
physiological functions (Aliah et al. 1990), which
in turn can affect growth and survival, thereby
compromising overall performance. Comparative
studies of the growth performance of triploid and
diploid taxa have been contradictory and incon-
sistent across different species. Most studies have
failed to clearly demonstrate the growth advan-
tages of triploids over diploids (Myers and Hersh-
berger 1991; Parsons 1993; Habicht et al. 1994;
Bonnet et al. 1999; Felip et al. 1999). In fact, the
expected growth advantage of triploids appeared
only in a few studies (Bramick et al. 1995; Qin et
al. 1998). Interestingly, several authors have dem-
onstrated that diploids outperformed triploids in
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survival and growth (Wolters et al. 1991; Mckay
et al. 1992; Carter et al. 1994; Ojolick et al. 1995).
Behavioral impairments caused by an extra set
of chromosomes are possible but are seldom cited
as an alternative explanation for the lower perfor-
mance of triploid fish. Triploid salmonids cultured
with diploids grew more slowly than those raised
alone (Galbreath et al. 1994). Interestingly, in all
the studies of competitive behavior with respect
to ploidy type the fish were fed formulated diets.
Under these circumstances, only competition
among foraging fish was evaluated; interactions
between predator and prey and the consequences
of these interactions for growth and survival were
not considered.
This study evaluates selected elements of ju-
venile diploid and triploid saugeye feeding behav-
ior on natural prey. We compare prey selection
patterns, ingestion rates, and the handling time of
a large prey between diploids and triploids. Po-
tential differences in feeding behavior and forag-
ing success could be useful in projecting the per-
formance of these fish in the wild.
Methods
Triploid saugeyes were produced according to
the procedure of Garcia-Abiado et al. (1999). On
April 2, 1998, walleye eggs were stripped from 16
ovulated females caught from C. J. Brown Res-
ervoir, Ohio, and fertilized with fresh sauger sperm
from 4 males collected from the Ohio River. Fer-
tilization procedures followed that described by
Czesny and Dabrowski (1998). Fertilized eggs
were heat-shocked at 31.0 6 0.18C for 15 min
starting 5 min after fertilization. Heat-shocked
eggs were transported (45 min) in 88C water to
Hebron State Fish Hatchery, Hebron, Ohio, for
incubation. The triploidy (3n) induction rate of
saugeye eggs at the eyed stage was determined by
flow cytometry following Lin and Dabrowski
(1996); diploid (2n) saugeyes were produced using
gametes from these same adult fish.
On April 16, 1998, newly hatched swim-up dip-
loid and triploid larvae were stocked into separate
ponds at 395,000 fish/ha. These ponds were fer-
tilized weekly according to Culver (1996). Water
temperature (18.2 6 3.68C), dissolved oxygen
(11.1 6 3.6 mg/L), and Secchi depth (0.7 6 0.2
m) were considered normal during the 40 d of
rearing. On May 5, 1998, ponds were seined.
About 500 diploids and 1,000 triploids were trans-
ported to the Ohio State University Research and
Extension Center in Piketon, Ohio, and maintained
indoors in two circular 800-L tanks with a flow
rate of 5 L/min. After 2 d of acclimation, fish were
segregated into several size groups and placed in
smaller (50-L) circular tanks to avoid cannibalism.
The flow rate was 0.5 L/min, the photoperiod was
set at 15 h light: 9 h dark, and light during the
daylight hours was dim (80 lx). Water temperature
and oxygen concentrations were stable at 208C and
8 mg/L, respectively. Fish were fed fathead min-
now Pimephales promelas twice a day. Both ploidy
groups were starved for 24 h prior to each exper-
iment.
The prey preference and foraging efficiency of
diploid and triploid saugeye juveniles were com-
pared in experiment 1. The mean (6SD) length of
2n (N 5 9) and 3n (N 5 12) fish was 43.8 6 0.8
and 42.8 6 1.2 mm, respectively. Individuals from
both groups were placed in 40-L round tanks (one
per tank). After 2 h of acclimation, the daphnia
Daphnia pulex were added to each tank, either
alone at a density of 10/L or along with three fat-
head minnow (mean length, 19.1 6 1.5 mm; N 5
30). Since zooplankton size can affect foraging
success (if predation is size selective), only daph-
nia that passed through a 1-mm sieve (mesh size)
but not through a 0.75-mm sieve were used. The
average length of the daphnids used in the exper-
iment was 1.8 6 0.2 mm (N 5 30). Measurements
were taken from the furthest projection of the head
to the point of insertion of the caudal spine (Lawr-
ence et al. 1987). Saugeyes were allowed to forage
for 15 min, after which each was removed and
placed in an individual plastic container filled with
ice-cold water. When the fish were anesthetized,
blood was sampled from each individual saugeye
from the 3n group for ploidy verification (fish from
the 2n group were assumed to be diploid) by cut-
ting the caudal fin off and collecting one drop of
blood from the caudal vein in individual Eppen-
dorf tubes filled with 5% buffered dimethyl sulf-
oxide solution. Fish were fixed in 10% formal-
dehyde solution for stomach content analysis;
upon dissection, daphnia and fathead minnow were
counted. The ploidy of 3n saugeyes was deter-
mined by flow cytometry following techniques de-
scribed by Lin and Dabrowski (1996).
In experiment 2, we compared the consumption
rates of diploid and triploid saugeye juveniles. The
mean (6SD) length of 2n (N 5 12) and 3n (N 5
8) fish was 55.8 6 1.5 and 55.0 6 2.0 mm, re-
spectively. Individual saugeyes from the 2n and 3n
groups were placed in 30-L aquaria (one per aquar-
ium). After 3 h, each fish was offered 15 fathead
minnow (mean length, 17.7 6 1.3 mm; N 5 30)
and allowed to forage for 30 min, during which we
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FIGURE 1.—(A) Average number of captured prey, (B)
number of total attacks, (C) capture efficiency, and (D)
time of foraging of diploid (2n; black bars) versus trip-
loid (3n; white bars) saugeyes in experiment 2. Asterisks
indicate significant (P , 0.05) differences between ploi-
dy groups.
counted the total number of attacks and the number
of successful ones and measured the time required
by each predator to reach satiation. Satiation was
assumed when fish ceased foraging behavior and
remained inactive throughout the remainder of the
experimental session. Based on these data, capture
efficiency (number of prey eaten/number of total
attacks) was calculated. After 30 min, saugeyes
were removed from the aquaria and the remaining
minnow were counted. Blood sampling for ploidy
verification and the preservation of the fish were as
described for experiment 1.
In experiment 3, we compared the capture ef-
ficiency and handling time of a single large prey
by 2n and 3n saugeye juveniles. The mean (6SD)
length of 2n (N 5 20) and 3n (N 5 7) fish was
45.5 6 0.8 and 45.9 6 0.7 mm, respectively. In-
dividual fish were placed in 30-L aquaria; after 3
h, each was exposed to a single fathead minnow
(mean length, 24.7 6 0.5 mm; N 5 30) for 10 min.
We recorded the number of attempted attacks prior
to the successful one and the time required by each
predator to ingest captured prey (handling time).
Blood was sampled for ploidy verification in 3n
saugeyes as previously described.
The mean values of all measured variables in
each experiment were compared using the t-test
(SPSS 1995). Percentage data were arcsine trans-
formed. Normality and homogeneity of variance
were confirmed for all data before statistical anal-
ysis. The rejection level for all statistical analyses
was set at a 5 0.05.
Results
Prey Preference and Foraging Efficiency
(Experiment 1)
When daphnia alone were offered to juvenile
saugeyes, the number consumed per fish was not
significantly different (F 5 0.009; df 5 5; P 5
0.9) between diploids (41.7 6 17.6 per fish; N 5
3) and triploids (40.7 6 3.1 per fish; N 5 3). How-
ever, when three fathead minnow were available
as alternative prey, diploids consumed signifi-
cantly (F 5 16.75; df 5 20; P 5 0.0006) fewer
daphnia (0.4 6 0.3 per fish; N 5 12) than did
triploids (9.6 6 4.7 per fish; N 5 9). Moreover,
when both prey were available, diploids consumed
a significantly (F 5 5.78; df 5 20; P 5 0.03) higher
proportion of minnow than did their triploid con-
specifics (0.7 6 0.2 versus 0.4 6 0.1).
Measures of Feeding Aggressiveness (Experiment 2)
Diploid and triploid juvenile saugeyes captured
on average the same number of prey (F 5 1.09;
df 5 19; P 5 0.3) during their foraging sessions
when offered 15 fathead minnow (Figure 1A).
However, diploid saugeyes made fewer attacks
than triploid conspecifics (F 5 17.20; df 5 19;
P 5 0.0006) to obtain the same foraging yield
(Figure 1B). Thus, diploids had higher capture ef-
ficiency than triploids (F 5 11.4; df 5 19; P 5
0.003; Figure 1C). Consequently, diploids reached
satiation and ended foraging twice as fast as trip-
loids (F 5 64.4; df 5 19; P , 0.0001; Figure 1D).
983NOTES
Ability to Handle Large Prey (Experiment 3)
When saugeyes were faced with a single large
fathead minnow, the diploids made significantly
(F 5 6.13; df 5 26; P 5 0.02) fewer attacks (1.6
6 0.3; N 5 20) prior to the successful one than
did the triploids (3.4 6 1.2; N 5 7). Moreover,
diploids required less (F 5 5.97; df 5 26; P 5
0.03) time than did triploids to ingest captured prey
(36.5 6 4.2 s versus 48.9 6 10.3 s).
Discussion
Behavioral comparisons between diploid and
triploid fish are limited to analyses of the inter-
actions between different ploidy groups reared to-
gether and the effect of these interactions on hi-
erarchy structure (O’Keefe and Benfey 1997), var-
iation in food intake (Carter et al. 1994), and con-
sequently growth of the fish (see review by Benfey
1999). For example, triploid Atlantic salmon Sal-
mo salar grew faster than diploid conspecifics
when reared separately (Galbreath et al. 1994).
However, when pooled and raised until after smol-
tification, diploids outperformed triploids and
grew faster. Several studies attributed similar re-
sults to the reduced aggressiveness of triploid fish
compared with diploid conspecifics (Cassani and
Caton 1986; Tave 1993). Scientists are uncertain
whether this is associated with alterations in the
central nervous system or reduced production of
the androgens that promote aggressive behavior
(Benfey 1999).
We have demonstrated that the foraging behav-
ior of juvenile triploid saugeyes differs from that
of diploids in laboratory tanks; if this difference
occurs in nature, it may contribute to differential
survival. Diploids captured more minnow than
triploids and almost totally neglected daphnia,
whereas triploids foraged more frequently on
daphnia. Diploid saugeyes tended to select larger
prey than triploid conspecifics. Cladocerans of the
size we used provided less reward per effort than
the nearly 20-mm fathead minnow. The differences
with respect to prey selection that we observed in
experiment 1 can lead to a discrepancy in growth
rates between different ploidy groups if such a
selection pattern is consistent. The switch to pis-
civory is a naturally occurring step in the life his-
tory of many juvenile percid fishes (Stahl and Stein
1994), providing a substantial energetic advantage
over foraging on small prey. Thus, diploid sau-
geyes, which selected minnow more often in ex-
periment 1, appear to exhibit the switch to pisci-
vory earlier in their ontogeny then triploid con-
specifics. Consumption of big prey may lead to a
faster growth rate, allowing fish to escape the
‘‘predation gape’’ faster (Houde 1987) and sub-
stantially increasing the probability of survival
(Bailey and Houde 1989).
Previous studies of differential growth between
ploidy groups used formulated diets to feed the
experimental animals. However, this approach
does not consider the behavioral interactions be-
tween predators and prey that might strongly in-
fluence the success of the predators in reservoirs.
Feeding on a formulated diet does not require the
special foraging skills that are necessary for for-
aging in the wild, and this may explain the fre-
quently reported lack of difference in growth be-
tween diploids and triploids under aquaculture
conditions (Johnstone et al. 1991; Myers and
Hershberger 1991; Galbreath et al. 1994). In trials
with a single prey type (daphnia, experiment 1),
diploids and triploids consumed the same number
of prey. When foraging on relatively easy-to-cap-
ture prey such as daphnids, triploids perform com-
parably to diploids. Under natural conditions,
however, predators must find, pursue, capture, and
ingest their prey. The potentially inferior foraging
skills of triploid fish may become apparent in res-
ervoirs, leading to poor growth and perhaps lower
survival.
The results of experiments 2 and 3 indirectly
indicate that triploid saugeyes may face higher pre-
dation risk when foraging in the natural environ-
ment. Even though diploids and triploids reached
satiation after ingesting the same number of min-
now on average, capture efficiency was greater and
the total time of foraging shorter for diploids. Dip-
loids exhibited significantly greater capture effi-
ciencies that translated into significantly shorter
average foraging times. Extended foraging time in
triploid fish would substantially increase their pre-
dation risk in a natural environment because fish
are more susceptible to predators while foraging
(Milinski 1984; Walters and Korman 1999). There-
fore, the more efficient the predator and the shorter
the foraging time, the lower the risk of being
preyed upon (Szendrey and Wahl 1995). Similarly,
longer handling times for large prey would also
prolong triploids’ exposure to potential predators
and reduce their survival.
Diploid foraging behavior, which more closely
approximates optimal foraging, ultimately will re-
sult in a higher growth rate. A greater body size
at the end of the growing season should enhance
the chance of overwinter survival (Copeland and
Carline 1998) and, ultimately, recruitment.
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